Abstract. ) is a well-studied miR and acts as an oncomiR in numerous cancer types. However, the biological functions of miR-155 in colon cancer as well as its target genes have remained to be fully elucidated. In order to investigate the biological functions of miR-155, MTT, colony formation and wound healing assays, cell cycle analysis and detection of apoptosis were performed. The results demonstrated that miR-155 promoted the proliferation of colon cancer cells and enhanced their colony formation capacity, promoted their cell cycle progression and inhibited apoptosis. miR-155 also promoted the migration of colon cancer cells. In the present study, casitas B-lineage lymphoma was identified as a novel target of miR-155. The present study suggested that miR-155 functions as an oncomiR in colon cancer cells and may become a promising therapeutic target for colon cancer therapy.
Introduction
MicroRNAs (miRs) are endogenous small non-coding RNAs and exert their functions by binding to the 3'-untranslated region (3'UTR) of the messenger RNAs of target genes, resulting in inhibition of translation or mRNA degradation (1) (2) (3) (4) . miRs are involved in numerous cellular processes, such as proliferation, migration, cell cycle, cell apoptosis and energy metabolism. Aberrant expression of miRs has been detected in numerous tumor types and the dysregulation of miRs is likely to be associated with the development of tumors (5) .
The host gene of miR-155 is B cell integration cluster, which is located in chromosome 21q21. miR-155 is a well-known miR that is associated with the inflammatory system. miR-155 is closely linked with proliferation, apoptosis and differentiation of lymphocytes (6) (7) (8) , and regulates the balance of type 17 T-helper/T-regulatory cells, the imbalance of which is a major cause of numerous auto-immune diseases (9) . miR-155 has been demonstrated to be overexpressed in various types of tumor tissue, such as renal carcinoma and hepatocellular carcinoma, compared with that in the adjacent normal tissues, and is associated with the malignant clinicopathological characteristics of tumors (10, 11) . Furthermore, miR-155 has been reported to be associated with the proliferation, invasion, apoptosis and cell cycle of tumor cells in vivo and in vitro (10, 11) .
Casitas B-lineage lymphoma (CBL) is an E3 ubiquitin ligase, which mediates the ubiquitinated degradation of activated receptor tyrosine kinases (RTKs), resulting in a halt in RTK-mediated signaling. CBL is associated with the proliferation, apoptosis, invasion and migration and is linked to the development of tumors (12) (13) (14) (15) . CBL also regulates the proliferation, differentiation and survival of human mesenchymal-derived osteoblasts (16) . It has also been reported that CBL acts as a tumor suppressor in colon cancer cells (17, 18) . miR-155 has been previously demonstrated to be overexpressed in colon cancer tissues compared with that in adjacent tissues (19, 20) . However, the biological functions and downstream targets of miR-155 in colon cancer have remained elusive. In the present study, the effects of miR-155 on colon cancer cells were explored. The results demonstrated that miR-155 regulated the proliferation, cell cycle, apoptosis and migration of colon cancer cells through targeting CBL. The present study indicated that miR-155 may become a promising therapeutic target for the treatment of colon cancer.
Materials and methods
Cell culture. The HCT-116 colon cancer cell line was obtained from the American Type Culture Collection (Manassas, VA, USA) and cultured in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) in a humidified atmosphere at 37˚C with 5% CO 2 . Transfection. miR-155 mimics (5'-UUA AUG CUA AUC GUG AUA GGG GU-3') and inhibitor (5'-AAU UAC GAU UAG CAC UAU CCC CA-3') or their corresponding negative controls were purchased from Biomics Biotech (Nantong, China). Cells were harvested and seeded in 6-well plates at a density of 1x10 5 cells/well. After 24 h of incubation, the cell medium was changed to serum-free medium. After additional culture for 6 h, 4 µg DNA or 100 pmol RNA were transfected into cells using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol.
MicroRNA

Reverse-transcription quantitative polymerase chain reaction (RT-qPCR).
At 48 h after transfection, cells in each group were collected. Total RNA was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. The RNA was reverse-transcribed and the levels of miR-155 were detected by RT-qPCR (SYBR Green method) with a miR-155 detection kit (Biomics Biotech; catalog number, BK3100) according to the manufacturer's instructions. The miR-155 levels were normalized to U6 small hairpin RNA and the relative miR-155 levels were calculated using the 2 -ΔΔCq method (21) . Total RNA was reverse-transcribed into complementary (c)DNA using Moloney murine leukemia virus reverse transcriptase (Promega Corp., Madison, WI, USA) and random primer. The mRNA levels of CBL were detected by RT-qPCR with cDNA as templates and primers as follows: CBL forward, 5'-GGA CCA GTG AGT TGG GAG TTA TTA CT-3' and reverse, CBL, 5'-GGC AAG ACT TCA CTG TGA AGT CA-3'; GAPDH forward, 5'-AAG GTC GGA GTC ACC GGA TT-3' and reverse, 5'-CTG GAA GAT GGT GAT GGG ATT-3'. The PCR mixture contained the following: 2 µl cDNA, 1 µl forward primer, 1 µl reverse primer, 10 µl 2X SYBR mix, and ddH 2 O up to 20 µl. The thermocycling conditions were the following: 95˚C for 10 min; 95˚C for 10 sec, 62˚C for 20 sec, 72˚C for 30 sec for 40 cycles; then 4˚C for 5 min. The mRNA levels of CBL were normalized to GAPDH and relative mRNA levels of CBL were calculated using the 2 -ΔΔCq method (21) .
MTT assay. Cells were seeded in 96-well plates with 6,000 cells in each well. The cells were then transfected with miR-155 mimics, negative control of mimics, miR-155 inhibitor or negative control of inhibitor. At 0, 24, 48, 72 and 96 h after transfection, 5 mg/ml MTT was added to each well. After incubation for an additional 4 h, the supernatant was removed and 200 µl dimethyl sulfoxide was added to each well. The absorbance was measured using a microplate reader at 490 nm.
Colony formation assay. After transfection with miR-155 mimics, miR-155 inhibitor or their negative controls, 200 cells were incubated in 6-well plates and cultured in an incubator containing 5% CO 2 at 37˚C. At 7 days post-incubation, the cells were stained with crystal violet for 30 min and the number of colonies was counted after washing with PBS.
Cell cycle analysis. Cells were harvested after transfection with miR-155 mimics, miR-155 inhibitor or their corresponding negative controls and fixed in ice-cold 70% ethanol at 4˚C overnight. Cells were washed with PBS and stained with a cell cycle detection kit (Beyotime Institute of Biotechnology, Haimen, China) in the dark for 30 min. The cell cycle distribution was then analyzed with a FACScalibur flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).
Apoptosis assay. Cell apoptosis was detected with an Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) Apoptosis Detection kit (KeyGEN Biotech, Jiangsu, China) according to the manufacturer's protocol. After transfection with miR-155 mimics, miR-155 inhibitor or their corresponding negative controls, the cells were washed with PBS and re-suspended in 500 µl binding buffer. After addition of 5 µl Annexin V-FITC and 5 µl PI, the cell suspension was incubated for 15 min in the dark. Cells were then analyzed with a FACScalibur flow cytometer.
Wound healing assay. Cells were seeded in a 6-well plate and transfected with miR-155 mimics, miR-155 inhibitor or their negative controls. When cells had grown 90% confluent, scratches were made to the monolayer surfaces of cells with sterile micropipette 200 µl tips (Beyotime Institute of Biotechnology). After washing with serum-free medium for several times to remove cell debris, cells were cultured in serum-free medium to eliminate the influence of cell proliferation and images of scratches were captured at 0 and 24 h. The relative migration rate was calculated as follows: Relative migration rate=(gap between the edges at 0 h-gap between the edges at 24 h)/gap between the edges at 0 h.
Western blot analysis.
At 48 h after transfection, cells in each group were collected. Total protein was extracted from cells using radioimmunoprecipitation assay lysis buffer (Beyotime Institute of Biotechnology). Protein concentrations were determined with an enhanced bicinchoninic acid protein assay kit (Beyotime Institute of Biotechnology). A total of 40 µl of protein was loaded and subjected to 10% SDS-PAGE. The separated protein was then transferred onto polyvinylidene fluoride (PVDF) membranes (Millipore, Bedford, MA, USA). After blocking with 5% skimmed milk at 37˚C for 1 h, the PVDF membranes were incubated with primary antibodies against CBL (1:1,000 dilution; Santa Cruz Biotechnology, Inc., Dallas, TX, USA; catalog number, sc-170) and β-actin (1:2,000 dilution; Santa Cruz Biotechnology, Inc.; catalog number, 4970) at 4˚C overnight. After washing with Tris-buffered saline containing Tween-20, the membranes were incubated with horseradish peroxidase-labeled secondary antibodies (1:5,000 dilution; Beyotime Institute of Biotechnology; catalog number: A0208) at room temperature for 60 min. The target bands were visualized using an enhanced chemiluminescence detection kit (Beyotime Institute of Biotechnology) according to the manufacturer's instructions. Relative protein levels of CBL were calculated using β-actin as an internal reference. 
Results
Upregulation of miR-155 promotes the proliferation, cell cycle and migration, while inhibiting apoptosis of colon cancer cells.
After transfection with miR-155 mimics, the levels of miR-155 were detected by RT-qPCR. The results indicated that after transfection with miR-155 mimics, the miR-155 levels were increased to 48±3.6-fold of those in cells transfected with negative control of mimics (Fig. 1A) .
After transfection with miR-155 mimics, the viability of colon cancer cells was detected by an MTT assay. The results demonstrated that the cell viability was enhanced after transfection with miR-155 mimics (Fig. 1B) . The colony formation capability of colon cancer cells was also measured after transfection. The results of the colony formation assay revealed that after transfection with miR-155 mimics, the number of colonies was 90±2.6, which was significantly higher than that of cells transfected with negative control of mimics (60.6±5.1; P<0.001; Fig. 1C ). It was therefore demonstrated that miR-155 mimics promoted the proliferation of colon cancer cells.
As an important factor affecting the growth of cells, the cell cycle distribution was detected after transfection with miR-155 mimics or their corresponding negative control. Flow cytometric analysis revealed that the percentage of cells in G1 phase was decreased from 67.83 to 54.41% after transfection with miR-155 mimics, but the percentage of cells in S phase was increased from 23.78 to 36.16% (Fig. 1D) . These results demonstrated that miR-155 mimics increased the percentage of cells in S phase. After transfection, an apoptosis assay was performed. Following transfection with negative control of miR-155 mimics, the early apoptotic rate was 13.83±0.76% and the late apoptotic rate was 2.51±0.31%. However, after transfection with miR-155 mimics, the early apoptotic rate decreased to 3.72±0.59% and the late apoptotic rate decreased to 1.65±0.14% ( Fig. 2A and B) . These results demonstrated that miR-155 mimics inhibited apoptosis of colon cancer cells.
The migration capability of colon cancer cells after transfection was assessed using a wound healing assay. As presented in Fig. 2C and D, the migration rate of cells transfected with negative control of mimics was 0.148±0.015, whereas that of cells transfected with miR-155 mimics was 0.265±0.18 ( Fig. 2C and D) . These results demonstrated that miR-155 mimics promoted the migration of colon cancer cells. cancer cells. After transfection with miR-155 inhibitor, the levels of miR-155 were detected by RT-qPCR. The results indicated that after transfection with miR-155 inhibitor, the relative miR-155 levels were decreased to 28±2% of those in negative control-transfected cells (Fig. 3A) .
Downregulation of miR-155 inhibits the proliferation, cell cycle and migration, while promoting apoptosis of colon
The cell viability and colony formation capability of colon cancer cells were then detected. The results demonstrated that, compared with that of cells transfected with negative control of inhibitor, the viability of colon cancer cells was inhibited after transfection with miR-155 inhibitor (Fig. 3B ) and the number The cell cycle distribution was detected after transfection with miR-155 inhibitor or its corresponding negative control. The results demonstrated that the percentage of cells in G1 phase was increased from 57.97 to 72.54% after transfection with miR-155 inhibitor, but the percentage of cells in S phase was decreased from 30.81 to 17.07% (Fig. 3D) . It was therefore indicated that miR-155 inhibitor increased the percentage of cells in G1 phase.
An apoptosis assay was performed after transfection with miR-155 inhibitor or its corresponding negative control. After transfection with negative control of miR-155 inhibitor, the early apoptotic rate was 6.49±0.90% and the late apoptotic rate was 2.88±0.15%, whereas after transfection with miR-155 inhibitor, the early apoptotic rate was increased to 21.03±1.17% and the late apoptotic rate was increased to 5.92±0.29% (Fig. 4A and B) . These results demonstrated that miR-155 inhibitor induced apoptosis of colon cancer cells.
The migration capability of colon cancer cells was detected after transfection with miR-155 inhibitor. As presented in Fig. 4C and D, the migration rate of cells transfected with negative control of inhibitor was 0.178±0.018, whereas that of cells transfected with miR-155 inhibitor was 0.076±0.025. The wound healing assay demonstrated that miR-155 inhibitor reduced the migration of colon cancer cells.
CBL is a direct target of miR-155. CBL was predicted as a target of miR-155 by TargetScan. The levels of CBL were detected by RT-qPCR and western blot analysis. The RT-qPCR results demonstrated that the mRNA levels of CBL were decreased to 25.33±3.05% after transfection with miR-155 mimics, and increased to 3.51±0.27-fold of those of the negative control group after transfection with miR-155 inhibitor (Fig. 5A ). Western blot analysis provided similar results to those of RT-qPCR. The protein levels of CBL were decreased to 14±5.29% after transfection with miR-155 mimics and increased to 1.69±0.27-fold of those of the negative control group after transfection with miR-155 inhibitor (Fig. 5B and  C) . These results demonstrated that CBL was regulated by miR-155.
To identify whether CBL is a direct target of miR-155, a luciferase reporter assay was performed. Plasmids containing WT, MUT or DEL were constructed as illustrated in Fig. 5D , and a luciferase reporter assay was then performed. As presented in Fig. 5D , co-transfection with WT plus miR-155 mimics resulted in a significant decreased in relative luciferase activity to 61±17% of that of the WT plus negative control of mimics group. However, there was no significant difference between the relative luciferase activities of cells transfected with MUT plus miR-155 mimics and MUT plus negative control of mimics. There was also no significant difference between the relative luciferase activities of cells transfected with DEL plus miR-155 mimics and DEL plus negative control of mimics. These results demonstrated that miR-155 bound to the 3'UTR of CBL and that CBL was a direct target of miR-155.
Discussion
In the present study, the effects of miR-155 on colon cancer cells were explored. Upregulation of miR-155 was found to promote the proliferation and migration of colon cancer cells, while promoting cell cycle progression and inhibiting apoptosis. Conversely, downregulation of miR-155 was found to inhibit the proliferation and migration of colon cancer cells, cause cell cycle arrest and induce apoptosis. Further study demonstrated that CBL was a direct target of miR-155, through which miR-155 may exert its effects on the proliferation, migration, cell cycle and apoptosis.
Changes of miR expression frequently occur in cancer cells and are usually associated with tumorigenesis and the development of cancer. In numerous types of cancer, miR-155 promotes proliferation, migration and differentiation, and inhibits apoptosis (11, 19, (22) (23) (24) (25) (26) (27) . However, in certain types of cancer, miR-155 represses proliferation and migration, and promotes apoptosis (28, 29) . miR-155 therefore acts as either an oncomiR or tumor suppressor in different cancer cell types. In the present study, miR-155 was found to act as an oncomiR in colon cancer cells. miR-155 has been reported to be overexpressed in colon cancer (19, 20) ; however, the roles of miR-155 in colon cancer have remained to be fully elucidated. In the present study, miR-155 was found to act as an oncomiR in colon cancer cells to promote the proliferation, cell cycle and migration, but inhibit apoptosis. Consistent with the results of the present study, Qu et al (19) , Li et al (30) and Zhang et al (31) report that miR-155 is associated with the proliferation, migration and invasion of colon cancer cells. As an oncomiR, miR-155 may be a promising therapeutic target for colon cancer therapy. Nanoparticle-based anti-miR-155 therapy has been reported to have excellent therapeutic effects in an miR-155-dependent mouse model of lymphoma (32) . miR-155 is frequently correlated with poor prognosis and may become a key target of colorectal carcinoma therapy.
In the present study, CBL was identified as a novel target of miR-155 using RT-qPCR, western blot analysis and a luciferase reporter assay. Moreover, Jablonska et al (33) also mentioned that CBL may be a target of miR-155. CBL is an E3 ubiquitin ligase, which has important roles in cell adhesion and migration (34) . Migration is a multistep process involving extension of lamellipodia, formation of focal adhesions at the leading edge, translocation of the cell body, release of adhesive contacts and finally retraction at the cell rear (35) . CBL is known to regulate the actin cytoskeleton, to ubiquitinate mDab1 and WAVE2 and to inhibit actin polymerization (34) . CBL also binds to tubulin and microtubules through its tyrosine kinase-binding domain and regulates the microtubular network (36) . CBL facilitates cytoskeletal rearrangements and matrix deposition via regulation of Ras-related C3 botulinum toxin substrate 1 (35) , which is required for lamellipodia extension. CBL also regulates Ras homolog gene family, member A (35), which in turn regulates actomyosin contractility and is necessary for cells to move forward (37) . In a different manner, CBL regulates migration by downregulation of growth factor receptors (38) . Growth factors induce directional migration by promoting cell polarization, and CBL modulates the spatial distribution of growth factor receptors in cells through ubiquitinating the receptors. However, cells deficient of CBL were found to have severe migration defects, suggesting that CBL is required for cell migration (34) .
CBL is also involved in the growth of cancer cells. Ectopic expression of CBL inhibited the proliferation of cancer cells and induced cell cycle arrest at G1 phase (39, 40) . Knockdown of CBL was reported to impair colony formation capability (41) and induce apoptosis (42) . Phosphatidylinositol 3 kinase (PI3K) has important roles in the regulation of proliferation and apoptosis, and CBL also interacts with PI3K and regulates proliferation and apoptosis (43) . Increasing CBL expression resulted in decreased cell growth, increased cell apoptosis and inhibition of tumor development in a mouse model (44) . In addition, CBL was reported to have a tumor suppressor role in colon cancer cells (17, 18) , which was opposite to the effects of miR-155. This provided further evidence for the present hypothesis that CBL is a target of miR-155.
In the present study, miR-155 was indicated to promote the proliferation, arrest cell cycle at S phase, promote migration of colon cancer cells, and inhibit their apoptosis. CBL, whose biological functions are opposite to those of miR-155, was identified as a target of miR-155. The results of the present study demonstrated that miR-155 acted as an oncomiR in colon cancer cells through targeting CBL, and miR-155 may become a promising therapeutic target for colon cancer.
